Supraventricular tachycardia in an isolated rabbit heart preparation was repeatedly initiated and terminated by carefully timed atrial premature beats. Transmembrane action potentials of AV nodal cells were recorded simultaneously by a "brush electrode" consisting of 10 microelectrodes. Surface electrograms of atrium and His bundle were also recorded. The moments of activation of 54 different AV nodal cells, both during regular driving of the atrium and during tachycardia were ascertained. Premature atrial beats introduced during tachycardia would either "reset" the tachycardia or terminate it. The sequence of activation of the AV nodal cells when initiating tachycardia, during tachycardia itself, and when premature beats were interpolated during tachycardia warrant the conclusion that a circus movement in the AV node, based on functional longitudinal dissociation of the upper AV node, was the underlying mechanism of the arrhythmia.
established would tend to continue, unless upset by the interpolation of a premature systole."
In the Wolff-Parkinson-White syndrome, induced premature atrial or ventricular beats can initiate a reciprocating tachycardia in which the impulses travel from atria to ventricles exclusively over the AV node-His bundle route, to return from ventricles to atria over the abnormal AV connection, the bundle of Kent (2) . Appropriately timed, atrial or ventricular premature beats can block the circus movement and terminate the tachycardia (2) . However, an abnormal AV connection need not be present in a reciprocating tachycardia. Functional longitudinal dissociation seems to be a property of the normal AV node, as is evident both from studies on experimental animals (3) (4) (5) and from clinical studies (6, 7) . It has often been postulated that a circus movement within the AV node was the mechanism responsible for a reciprocating tachycardia (6, (8) (9) (10) (11) (12) . During a study on the conduction in the AV node of isolated rabbit heart preparations, recording the transmembrane potentials of several AV nodal cells simultaneously, we observed in several experiments that a single premature atrial stimulus elicited an atrial tachycardia. In one case we could repeatedly initiate and terminate the tachycardia and record the transmembrane action potentials of 54 AV nodal cells, both during regular driving of the atrium and during tachycardia. During tachycardia, interpolated premature atrial beats would either "reset" or terminate the tachycardia. The intranodal pattern of activation during tachycardia and the changes brought about by the premature atrial impulses, warrant the conclusion that an intranodal circus movement was the basis of the supraventricular tachycardia in this preparation.
Methods
Rabbits weighing 1.5 to 2.5 kg were anesthetized by sodium pentobarbital (20 mg/kg iv). The heart was quickly removed and the preparation containing the right atrioventricular ring, part of the interatrial septum, part of the right atrium, and the upper interventricular septum, was excised as described by Hoffman et al. (13) . To minimize the possibility of the occurrence of echo beats originating in the sinus node after premature stimulation, the area in which the sinus node was located was removed. The time relation between the atrial complex and the His bundle complex remained unaltered, indicating that the dominant pacemaker was still located in the atrium, and that no "AV nodal" rhythm was established. The preparation was mounted in a tissue bath, which was perfused with a modified Tyrode solution at a rate of 10 ml/min. The volume of the bath was 50 ml. The composition of the solution was: Na, 149.1; K, 4.7; Ca, 2.6; Mg, 2.1; Cl, 137.6; HCO 3 , 20.2; H 2 PO 4 , 0.7 mEq/liter; and glucose, 2 g/liter. The solution was aerated with a mixture of 95% O 2 and 5% CO 2 . Temperature was kept constant at 37 ± 0.2°C, the pH at 7.35 ± 0.05. Rectangular current pulses (2 times threshold, lasting 2 msec) were delivered through a pair of small bipolar platinum electrodes placed on the crista terminalis about 1 cm from the coronary sinus. A stimulator developed in the Laboratory of Medical Physics was used to drive the preparation at a fixed rate and to deliver an extra stimulus after any desired number of basic beats. The interval between basic and extra stimulus could be varied over a wide range with an accuracy of 0.1 msec. To record bipolar surface electrograms of atrium and bundle of His, a pair of bipolar electrodes was placed on the atrial surface (close to the stimulating electrode) and another pair in the intraatrial portion of the bundle of His.
For the recording of transmembrane potentials, we used a microelectrode assembly consisting of ten glass microelectrodes, which were inserted simultaneously in the preparation. The ten microelectrodes were glued with epoxy resin on a Perspex rod shaped like a hockey stick, the end of which had two flat sides. First, five microelectrodes were laid in a mold containing five converging grooves. Under a dissection microscope (magnification 25 times) the electrodes were arranged so that the tips were in one line. Then they were glued to one of the flat sides of the Perspex rod. The other five microelectrodes were positioned in the same mold and glued to the other flat side of the rod. Since all microelectrodes were of the same length, the resulting microelectrode "brush" had a uniform shape, and the tips were in one plane. The ten tips were situated within a surface of 1.5 X 0.7 mm. This was ascertained by examining the tips of the microelectrodes under the dissecting microscope after the experiment. The pattern of the tip positions was very regular, but no exact measurements of distances between each of the tips was made. The ten microelectrodes in their final arrangement were filled with 2.6M KC1 by boiling under reduced pressure. To connect the microelectrodes to the amplifiers, a special connector was used. The connector consisted of a Perspex block containing ten cylindrical sockets. Each socket was sealed at one end by an Ag-AgCl plate which was connected to the input cable of an amplifier. The sockets were filled with Tyrodeagar. The bases of the microelectrodes were sunk into the sockets, which were laid in pattern of the bases of the microelectrodes. The resistance of the microelectrodes varied from 10 to 35 megohms. Ten separate high-impedance, high-capacitance neutralizing amplifiers were used. 1 The output of the amplifiers was directly connected to the first ten channels of an Ampex FR 1300 instrumentation recorder. Vertical outputs of the amplifiers of a Tektronix 502 oscilloscope were connected to the Ampex FM inputs for the recording of the atrial and His bundle electrograms. For the recording of the stimulation pattern, marker pulses derived from the stimulator were led to a separate Ampex channel. Recordings were made at a tape speed of 15 inches/sec. For time measurements the tapes were played back at a iModifications of a source follower, developed in the Department of Physiology, University of Amsterdam, by Mr. A. A. Meijer.
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speed of Us inches/sec, and the complexes were written on an Elema 16-channel inkwriter at 120 mm/sec, allowing for a time resolution of 1 msec. Micromanipulators (Brinkmann type RP4) were used to position the extracellular electrodes used for stimulation and for recording of the atrial and His potentials and also to maneuver the ten-microelectrode brush. The vertical movements of this brush were controlled by a micrometer. It was generally not possible to get acceptable recordings from all ten microelectrodes simultaneously, either because one or more of them had a resistance which was too high or too low, or simply because not all electrodes were located intracellularly. However, simultaneous recordings from two to six microelectrodes could frequently be obtained.
The moment of activation of an AV nodal cell was assumed to coincide with the moment the upstroke of the action potential was at 50% of its amplitude. In several records, the amplitude of some cells was subnormal because of the difficulty of holding several microelectrode tips simultaneously in an ideal intracellular position. However, as also reported by Mendez and Moe (3), the moments of activation were not influenced by changes in amplitude. This was easily checked because the electrode often partially left the cell, as could be seen by the smaller amplitude of the action potential, occasional movement artifacts, and the elevation of the resting potential. In these "mutilated" action potentials, it was still easy to determine the point at which the upstroke was at 50% of its amplitude. The timing of this point, in relation to the atrial complex and the His complex, was the same as when a normal action potential was recorded. We have therefore not included voltage calibrations in all figures.
The subdivision of the AV node in three zones AN, N, and NH (14) has been adopted, although the terms are used rather loosely to indicate upper, middle, and lower node. Figure 1 shows a schematic representation of the preparation, in which the position of the electrodes is indicated. The location of upper node (AN zone), middle node (N zone) and lower node (NH zone) is also indicated, although it must be emphasized that this is done in an oversimplified way. At one location, for instance, superficial cells may be of the AN type, while deeper cells are of the N type; differences in moments of activation of 30 to 40 msec are possible at one location. Because the tips of the microelectrodes of the brush are in one plane and the surface of the AV nodal region is not, the microelectrodes penetrated to different depths during a recording. This makes the construction of a map of the spread of excitation very difficult. Throughout this paper, except where a diagram indicates the position of the recording microelectrodes, we will designate AV nodal cells according to their time relations. Thus, in a very loose way, cells activated early are said to be in the upper node (which indeed corresponds well to the anatomical upper node), cells activated between about 40% and 70% of total AV conduction time belong to the middle node (the geometrical counterpart of which is very difficult to define), and cells activated later are part of the lower node (which is also difficult to pinpoint anatomically).
Results
An illustration of the complex manner in which a premature atrial impulse can be conducted within the AV node is shown in Figure 2 . In A, the transmembrane action potentials of two AV nodal cells, Nl and N2, are shown. The electrogram of the His bundle shows two deflections. The earlier one (A) is caused by the atrial tissue in the vicinity of the His bundle and the later spike (H) by activity in the bundle of His. Nl is located in the proximal part of the AV node (AN zone) and N2 in the distal node (late N zone). A premature atrial beat, initiated 160 msec after a basic beat is not propagated to the His bundle. Compared with a basic beat, the conduction time between Nl and N2 is greatly increased and the amplitude and rate of rise of the action potential of N2 is diminished. There may be two reasons why N2 is incapable of exciting the most distal elements of the AV node: (1) 
Initiation of supraventricular tachycardia by a premature atrial beat. Simultaneous recordings of the transmembrane potentials of two AV nodal cells, Nl and N2, together with the surface electrograms of atrium and bundle of His. The atrium was driven regularly with a basic interval of 330 msec, and premature stimuli were introduced after every tenth beat. In A, the delay of the premature stimulus was 160 msec; this beat was not propagated to the His bundle. In B, the delay was shortened to ISO msec; N2 was activated later than in A, the bundle of His was excited, and reexcitation of Nl led to an atrial echo, followed by a reciprocal tachycardia. The calibration of 50 mv applies to both transmembrane potentials. The activation times in the diagrams are in msec. Double bars indicate conduction block. See text for discussion.
decrease in amplitude and rate of rise, the stimulating efficacy of the action potential is diminished; (2) the activation front encounters a portion of the AV node which has a longer refractory period; in other words, failure of the premature impulse to reach the His bundle may partly be due to a functional transversal dissociation of the AV node, the distal part of the node having a longer refractory period than the proximal part.
It is difficult to make statements concerning the duration of the refractory period of AV nodal cells on the basis of duration of their action potentials. It is known that recovery of excitability occurs after the cell has completely repolarized; this lag in recovery is not the same for all nodal cells (15) . However, Figure  2A also shows evidence for a functional longitudinal dissociation, because the premature action potential of Nl is followed by a local response. The explanation for this phenomenon has been given by Mendez and Moe, who also described such "abortive echoes" (3) . According to these authors, the part of the AV node activated early is functionally dissociated in two pathways (a and (i) of which the a pathway has a shorter effective refractory period; both pathways unite in a final common pathway located in the distal node above the His bundle. A premature atrial beat may fail to traverse the /B pathway completely, the final common pathway being exclusively activated by the a pathway. At the junction, excitation propagates back to the atrium via the /3 route. We will continue to use the terminology of Mendez and Moe. As will become apparent, our findings lend support to their concept but fail to localize the pathways involved.
For the retrograde excitatory wave to reach the atrium, the proximal elements of the /3 path have to fire twice in succession. If the returning wave front starts too soon, it may meet a refractory barrier in the proximal /3 path. This seems to be the case in Figure 2A . In Figure 2B , the interval preceding the atrial premature beat is shortened to 150 msec (this record was taken a few seconds later than Figure 2A ). Cell N2 is now excited 7 msec later (if for t'=0, the last basic atrial beat is taken) and therefore is able to overcome the refractory barrier in the most distal part of the node, and the bundle of His is excited. Also, apparently the junction of a and /3 pathways is reached later than in Figure 2A , so that the proximal elements in the return pathway have now recovered and are able to fire twice in succession; Nl shows two full-blown action potentials in response to one atrial premature beat, and the atrium is reexcited by an echo beat (reciprocal beat). The atrial echo enters the node again, apparently exclusively over the a pathway, and a self-sustaining reciprocal tachycardia is established. This supraventricular tachycardia with 2:1 block could be terminated only by a well-timed premature atrial stimulus. When the basic drive resumed, a premature atrial stimulus would initiate the tachycardia again. The period during which it was possible to initiate the tachycardia lasted about 45 minutes; thereafter, premature impulses were either blocked or propagated. Interestingly, the atrial muscle adjacent to the His bundle (indicated by A in the electrogram of the His bundle in Figure 2B ) is excited earlier by the reciprocal excitatory wave returning from the AV node than the atrial tissue under the atrial recording electrode. This may indicate that the earliest exit route for the retrograde wave front is located anteriorly (see diagram in Fig. 1 ) and would thus agree with the findings of Mendez and Moe, who found that cells of the (3 path (the returning path) were located more anteriorly than cells of the a path (the antegrade path) (Fig. 3 in ref. 3). Unfortunately, we made no recordings from that part of the atrionodal junction. Figure 3 shows an example of a simultaneous recording of action potentials of six nodal cells. During the last regularly driven beat, the sequence of activation of the nodal elements is from Nl to N6, N6 being excited the junction, and N5 and N6 are in the final common path. N4 is evidently activated by the a pathway, of which no action potentials were obtained in this record. The N4 action potential is followed by action potentials in N3 and Nl, and the sequence of activation is the reverse of that during the basic beat, although not quite in the exact mirror image. During a basic beat, Nl and N2 are almost simultaneously excited, Nl reaching its 50% level 6 msec earlier than N2, whereas during tachycardia, Nl also reaches its 50% level earlier than N2. For this reason, the diagram contains a double line. The atrial electrogram is caused by an accidental stimulus, and not by the returning front from the AV node, since it occurs before the action potentials of Nl and N2. However, the tachycardia is not upset by this atrial preexcitation, indicating that if the atrium plays an essential role in the circus route, only a small part of it, close to the coronary sinus, does so. During tachycardia, the atrial complex occurs later than the action potentials of Nl and N2. The distal cells N5 and N6 show that during tachycardia a 2:1 block occurs in the final common path. When the His bundle is excited, the action potential of N6 coincides with the second hump of the response of N5. When block occurs, the small response of N5 coincides with the much smaller response of N6. This suggests electrotonic interaction between N5 andN6 (16) .
In Figure 4 the moments of activation of 54 cells are plotted. Since an exact location of the cells was not possible, we classified them according to the sequence of activation during a regularly driven beat. The ordinate indicates the moment of activation in milliseconds (zero time being the atrial complex) during a basic atrium His FIGURE 4 
Moments of activation of 54 AV nodal cells during steady-state tachycardia. Time scale on the ordinate indicates the temporal position of the AV nodal cells during a basic beat when the atrium was driven regularly (t = 0 is the atrial complex). Time scale on the abscissa indicates the temporal position of the same cells during steady-state tachycardia (t = 0 is the atrial complex not followed by a His complex). Note the difference in activation times during tachycardia in cells which, during a basic beat, are activated between 50 and 60 msec.
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beat. On the abscissa the moments of activation of the same cells during the steadystate tachycardia are plotted, taking for zero time the atrial complex which was not followed by a His complex. The dots show the activation sequence during tachycardia. When the moments of activation of the AV nodal cells during a regularly driven beat were plotted on both the ordinate and the abscissa, a straight line was obtained. It is interesting to compare the slope of this straight line with the antegrade and retrograde spread of activation during tachycardia. The slope of the retrograde spread of activation is about the same, although reversed, as that of the normal spread of activation. The slope of the antegrade spread of activation during tachycardia is less steep than that during a normal beat. This suggests that either the propagation velocity is lower during the tachycardia, or a pathway other than that during a normal beat is used. During the course of the experiment,
Alrium -4 FIGURE S
Simultaneous recordings of the action potentials of two early AV nodal cells. Vote the dissociation in activation of these cells during tachycardia. Nl belongs to the retrograde pathway, N2 to the antegrade pathway. Arrows indicate stimuli. Inset shows position of the cells. CS = coronary sinus. See text for discussion. Circulation Research, Vol. XXV111, April 1971
the tachycardia rate remained fairly constant, the variations being not more than 10%. To make superposition of the different recordings possible, the moments of activation were expressed as a percent of the sum of two successive atrial cycles. The average of the sum was 403 msec. During tachycardia, the sequence of activation is in agreement with a circus movement. Only two cells belonging to the antegrade pathway were impaled; during tachycardia they were activated earlier with reference to the atrial complex than during a basic beat, indicating that the returning point was below the level at which the atrial complex was recorded. Most impaled cells were part of the returning pathway, or belonged to the distal common pathway. There is considerable scatter in the activation times. The variations in the moments of activation of the bundle of His are reflected in the variations of the timings of the excitation of the distal nodal cells; these variations may be related to the fact that the tachycardia rate was not completely constant during the experiment. The reason why no more than two cells recorded in the antegrade path is unknown.
In Figure 5 simultaneous recordings of two early nodal cells are shown. During the regular driven atrial beats, both cells are activated nearly simultaneously. The atrial premature beat throws them out of phase, and during the tachycardia which follows, N2 is excited after the atrial complex (being part of the antegrade path). During a basic beat, Nl is excited 8 msec earlier than N2, and during the steady-state tachycardia, Nl is excited 66 msec earlier than N2. (During tachycardia, the stimulator continued to give off stimuli at a regular rate, most of which fell in the refractory period of the atrium. Sometimes these stimuli did activate the atrium, and could then be considered as premature stimuli during tachycardia as in Figure 6 .) During tachycardia, the atrial deflection in the His bundle recording and the His deflection appear to occur simultaneously. Apparently at this stage of the experiment, there was a 1:1 atrium-His relationship. Note also that the atrium adjacent to the His bundle is excited simultaneously with, or even slightly earlier than Nl. Interestingly, both action potentials show a possible electrotonic component more or less coinciding with the "active" component of the other action potential. This suggests that electrotonic interaction between the two pathways is possible. The demonstration of the difference in moment of activation of cells during tachycardia, which were activated nearly simultaneously during a regular driven beat, strongly supports the concept of a circus movement.
Additional support was derived from the behavior of these cells when atrial premature beats were introduced during tachycardia. Figure 6 shows how the tachycardia may be "reset" by a premature atrial stimulus. In the diagram, the hatched band depicts schematically the sequence of activation through the node during tachycardia, and the solid circles depict the moments of activation of the two cells when no premature beat was given. Superimposed on this sequence are the moments of activation of Nl and N2 following the atrial premature beat (open circles). As can be seen in Figure 6A , the atrial premature beat excites cell N2 in the antegrade path prematurely (open circles) and reaches cell Nl in the retrograde path almost simultaneously with the retrograde front coming up from the node. In other words, the phase of the movement is advanced. The atrial premature beat presumably reaches the circus pathway when it is still "relatively refractory," so that its speed of propagation into the antegrade pathway is slower than the speed during the steady-state tachycardia. Therefore, although the next complexes are earlier than would be expected if the atrial premature beat had no effect at all, the interval following the premature beat is longer than the steadystate tachycardia interval. In fact, confusion with a compensatory pause is possible.
In Figure 6B a slightly earlier atrial beat causes no action potential in the antegrade Circulation Research, Vol. XXVlll, April 1971 pathway, presumably because the "tail" of the circus movement is in a less excitable state. The impulse finds partially or completely refractory tissue in the pathway ahead and extinguishes. Traveling into the retrograde pathway (in an antegrade direction), the premature impulse will encounter cells in a progressively more advanced state of recovery and will be able to propagate and excite Nl in the retrograde pathway before the arrival of the retrograde front. This indeed occurs; the "head" of the circus movement is blocked, and consequently the circuit is extinguished and the basic drive can be resumed. Note that during tachycardia, the deflections in the His bundle electrogram caused by the adjacent atrium and by the His bundle occur simultaneously. The premature beat excites the atrium adjacent to the His bundle (A), and the His complex which follows is not caused by the atrial premature beat, but by the preceding circus movement. A schematic representation of these events is given in Figure 7 . In both instances, the atrial premature beat reaches the circuit when it is "relatively" refractory. In Figure 7A the tissue is in a more advanced state of recovery, permitting the premature impulse to propagate into the antegrade pathway. In Figure  7B , the tissue is less excitable, causing the slightly earlier impulse to be extinguished in the antegrade pathway, and thus terminating the circus movement, It is important to note that the existance of a "relative refractory tail" of the circus movement is an essential condition for the termination of tachycardia. Otherwise a premature atrial impulse would either "reset" the tachycardia without breaking it up, or it would not penetrate the circuit at all.
Discussion
Our results must be compared with those of Mendez and Moe (3) , who recorded with two microelectrodes from the AV node of isolated rabbit hearts and plotted the passage of an atrial premature beat through the AV node, and of the echo it evoked, in a way similar to our Figure 4 . Although in their experiments the atrial echo did penetrate the node again via the a pathway, the reentrant activity failed to reach the junction of a and /} pathways, and the circuit was extinguished. In some cases they recorded short episodes of tachycardia in which, at most, 8 to 10 circuits were completed and which apparently ended spontaneously. In our experiment we did not await the spontaneous termination of tachycardia and do not know whether it eventually would have occurred. In any case, it sometimes lasted longer than a minute before an atrial premature beat succeeded in terminating it.
There are other differences between the results of Mendez and Moe and ours. In their study, the junction of a and /3 pathways was about halfway between the atrium and the His bundle. (Halfway is a temporal indication, not a measure of distance.) In our experiment it was much lower (about 90 msec "below" the atrium at an atrium-His interval of 120 msec). In the study of Mendez and Moe, cells in the /? region, whenever dissociation did occur, either failed completely, or showed only local responses, or were abruptly delayed when a premature atrial beat was given. In our experiment (and in others not shown), cells in the /? path often showed two fullblown action potentials in response to an atrial premature beat (Figs. 1 and 2 ). When tachycardia was established, these cells showed only one action potential per cardiac cycle. Apparently, in our experiment the atrial premature beat did penetrate the /3 path to some extent, whereas it was blocked very early in the experiments of Mendez and Moe. Since in our experiment the junction of a and /3 paths is much "lower" than in the experiments of Mendez and Moe, the portion of the (3 path, not engaged by the antegrade activity and therefore available for the returning activity, would have about the same length as in the cases described by Mendez and Moe. It should be emphasized that the junction of a and /3 pathways is defined by timing, and that we did not locate the junction anatomically. Neither did we locate the a and /3 pathways. It is quite possible that more than two pathways are involved. Moreover, one might speculate whether these pathways are completely determined by their anatomical position. It seems possible that the way in which the excitatory waves are distributed within a network-like structure such as the AV node, is a factor which also determines which cells become a pathway and which cells /3 pathway.
Is the Atrium an Essential Link in the Reciprocal Circuit?-In the literature, both the concept that atrial tissue must be traversed to complete a reciprocal circuit (10, 17) and the view that the atrium is not an essential link (4) are supported. Mignone and Wallace (4) produced ventricular echoes by stimulating the ventricles. A premature V2 stimulus was retrogradely conducted to the atrium (A2) and returned to the ventricles as an echo (VE). Preexcitation of the atrium 22 msec before the expected arrival of A2 did not prevent the occurence of the ventricular echo and the V2-VE interval remained the same. Preexcitation by 26 msec resulted in a propagated response in the His bundle, 15 msec before the expected arrival of the echo. The authors concluded that it was possible to render the entire atrium refractory by preexcitation, including the portion immediately adjacent to the AV node, without abolishing the echo.
Similar experiments by Mendez et al. (17) gave rise to the opposite conclusion. In their experiments atrial preexcitation of even a few milliseconds resulted in antegrade conduction through the node which blocked the echo. They therefore concluded that the atrium is an essential link in the reciprocal circuit. Mignone and Wallace suggested that Mendez and co-workers stimulated not the atrium proper, but the tissue of the upper part of the AV node.
In our experiment, accidental atrial preexcitation (Fig. 3) did not prevent the circuit from being completed. Since the stimulating electrode was about 1 cm from the node, it is possible that a small part of the atrium close to the AV node participated in the circuit. From Figure 4 it appears that, during tachycardia, activity in the antegrade path starts before the atrial tissue under the recording electrode is excited. Again this does not imply that a small part of the atrium is not involved. The early excitation of the atrium adjacent to the His bundle by the retrograde wave front suggests that that part of the atrium might carry the impulse to the more posterior part of the atrial-nodal junction, where the excitatory wave may enter the node again. Obviously, an extensive mapping of the atrial-nodal junction is necessary to decide whether and to what extent the atrium is involved in the circuit. The presumably electrotonic potentials of Figures 4 and 5 do suggest a lateral connection between antegrade and retrograde pathways at the "atrial" side of the circuit. Our data are not sufficient to decide whether a carryover of the excitatory wave at the atrial side of the circuit occurs within the AV node or in the atrium.
Influence of Premature Impulses on the Circus Route.-The circuit might not be reached by the premature impulse if the site of stimulation is too far from the circuit, or the refractory period of the atrium too long, or the conduction velocity in the atrium too slow, or the spatial dimension of the circuit too small, or if combinations of these factors exist (18). The premature beat will then be followed by a compensatory pause and one might erroneously conclude that the tachycardia is due to a protected focus. In the case reported by Moe et al. (9) , one atrial premature beat failed to end the AV nodal tachycardia. Two successive atrial premature beats terminated the tachycardia because shortening of the atrial refractory period by the first premature beat permitted the second premature impulse to reach the circuit.
The events illustrated in Figures 5 and 6 were also predicted by Moe and Mendez (10) . The premature impulse, because it enters the a (antegrade) pathway when it is partially refractory, traverses the circuit at a lower speed and arrives slightly earlier than the expected reciprocal response in the atrium when no premature stimulus would have been given. If measurements of cycle lengths are Circulation Research, Vol. XXVlll, April 1971 not made with great precision, one might conclude that a compensatory pause followed the premature beat, and this might lead to the acceptance of a rapidly firing protected nodal focus as the cause of the tachycardia.
It should be stated that it is not normally possible to induce an atrial tachycardia in isolated rabbit heart preparations. In the case presented here and in others in which this type of tachycardia was observed, AV conduction was somewhat depressed. The conduction time from atrium to His bundle during driving of the atrium was on the order of 120 msec, whereas in our experience it is normally between 70 and 100 msec. Another fact pointing to a depressed AV conduction is that during the tachycardia the interval at the level of the bundle of His was about 400 msec, due to a 2:1 block. The interval during normal sinus rhythm in the rabbit heart is on the order of 330 msec. With respect to the ventricle, therefore, this arrhythmia can hardly be called a tachycardia. These remarks should make it clear that extrapolation of these results to the human heart can only be made with great caution.
Finally, it should be said that, although our results can be explained by a circus movement, we are still a long way from a precise geometrical definition of the spread of excitation in and around the AV node during antegrade, retrograde, and reciprocal activation.
